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Abstract 
Conventional principles of clinical wound care rely on subjective assessments only, whereas objective measurements 
are hardly applied. In this contribution we present a novel sensor system for the integration into a wound dressing that 
measures healing related parameters in a continuous manner. The low-cost sensor determines wound pH, moisture, 
temperature, optical tissue absorption and oxygen saturation. The performance of the sensor elements is evaluated by 
different on-body experiments and reference measurements.  
 
© 2012 Published by Elsevier Ltd. 
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1. Introduction 
Wound infections and chronic wounds are the two main problems in clinical wound management with 
tremendous impact on the health care system and the affected patients. Healing of a wound is a dynamic 
and complex sequence of repair stages, which are characterized by changes in the wound environment. 
Clinical wound care relies mainly on subjective assessment and the repeated removal of the wound 
dressing disturbs the healing process. Therefore, the continuous monitoring of appropriate parameters to 
gain insight into the healing progress without removing the dressing would be of a great benefit. 
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Determining wound pH, moisture, temperature, optical tissue absorption and oxygen saturation has been 
shown to give vital information on the status of a wound.  
During healing, wound pH approaches the acidic value of normal skin while an enduring alkaline milieu 
indicates stalled healing [1]. Optimal moisture management has been found to be supportive for tissue 
restoration [2] and optical measurements can monitor the restoration process [3, 4]. An increase in local 
temperature is a classic sign of wound infection [5]. A multi-parameter monitoring approach promises a 
robust and objective wound assessment. Due to differences between individuals, time courses are 
considered more valuable than absolute values, allowing the use of low-cost sensor elements. 
2. Materials and methods 
The sensor for dressing integration (Fig. 1) is fabricated on a flexible printed circuit board and is 
encapsulated in biocompatible polydimethylsiloxane (PDMS). An infrared (850 nm) and red (645 nm) 
LED are used in combination with a PIN-photodiode for tissue absorption and pulse-oximetric 
measurements. A silicon thermistor (Microchip) is used for temperature measurements. For moisture 
monitoring an interdigitated electrode (IDE) structure with an electrode gap of 300 μm is fixed on the 
sensors surface and insulated with another 30 μm thick layer of PDMS to avoid corrosive processes in the 
harsh wound environment. When the permittivity of the tissue next to the IDE surface increases due to the 
presence of water, the capacitance of the structure rises as well. 
Finally, the PDMS is activated in oxygen plasma and coated with a pH sensitive silicate thin film above a 
light emitting diode and a phototransistor for optical readout [6]. The silicate film was tested for 
biocompatibility by growing epithelial cells on the surface and by trials of prolonged exposure to skin. 
For on-body trials the sensor is connected to a portable microcontroller, where the data is stored on a 
microSD card. For each sensor element a mean of 32 single values is stored and for pulse oximetry 
calculations a time curve of 5 seconds is captured. The oxygen saturation is calculated by the ratio of 
pulsatile parts to the steady absorption components at red and infrared wavelengths.  
  
 
 
 
 
 
 
 
 
 
 
Fig. 1: Assembled sensor for the determination of pH value, temperature, moisture, tissue absorption, and oxygen saturation within a 
wound. 
3. Results  
Due to the lack of a suitable wound model the sensor elements were tested independently by different 
standards and trials on skin. The temperature sensor was calibrated on a precision hotplate in a range 
between 32 and 42 °C (Fig. 2(a)). For the calibration of the pH sensor the device was immersed into 
different pH buffer liquids and put on skin prior to the measurement. As seen in (Fig. 2(b)) a second order 
polynomial was fitted to the obtained data to match the non-linear behavior.  
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The moisture sensor was tested by experiments on human skin. In order to vary the water content, the 
skin was treated either with ethanol or moistening cream. Comparisons of capacitive measurements on 
normal and treated skin are illustrated in Fig. 3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2: (a) Calibration curve of temperature sensor on a precision hot plate. (b) Calibration curve of optical pH sensor immersed in 
buffer liquids, measured on skin. Experiments were performed in triplets. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3: Moisture monitoring by IDE structure with 30 μm insulation layer: A) Normal skin. B) Ethanol treated skin. C) Moistening 
cream treated skin. (n=3). 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4: Infrared (IR) and Red (R) light absorption of tissue: A) Knee bruise (left) and control measurement on the same position on 
the right leg (n=3).  B) Nearby reference point on both legs.  
(a) (b) 
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Trauma induced differences in tissue absorption are visible by measurements on a knee bruise compared 
to the same position on the counter side and a nearby reference point on both legs as shown in Fig. 4.   At 
both wavelengths the transmitted light is less on the bruise then in the control measurement because of 
higher absorption due to the blood accumulation under the skin. However, the difference between the 
measurements at the infrared (IR) wavelength is much higher compared to red light (R) as the larger 
penetration depth results in a bigger influence of the blood accumulation. Therefore, the absorption ratio 
of both wavelengths could be a suitable parameter to determine the depth of a wound. Fig. 5 depicts the 
measured pulse frequency and calculated oxygen saturation in a 30 min trial with 15 min of sport exercise. 
 
 
 
 
 
 
Fig. 5: Pulse frequency and related oxygen saturation (SpO2) during a 30 min trial with 15 min sport exercise. 
 
 
Conclusions 
The presented results confirm that the sensor is capable to determine skin condition and eventually to 
trace the process of healing. With extended measurements on skin and actual wounds the clinical 
significance of the measured parameters has to be examined. 
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